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@ New supported polymerization catalyst 

(g) An olefin polymerization supported catalyst comprising the 
supported reaction product of at least one metaflocene of a 
metal of Group IVB. VB. and VIB of the Periodic Table, a 
non-metallocene transition metal containing compound of a 
Group IVB. VB. or VIB metal and an alumoxane. said reaction 
product formed in the presence of the support. The supported 
product is highly useful for the polymerization of olefins 
especially ethylene and especially for the copolymerization c? 
ethylene and other mono and diolefins. 
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Description 

NEW SUPPORTED POLYMERIZATION CATALYST 

« JfJi! i nv H enti ° n r f a , tes Xo t a new - im P'°ved catalyst useful for the polymerization and copolymerization of 
olefins and particularly useful for the polymerization of ethylene and copolymerization of ethylene and 1 -olefins 
having 3 or more carbon atoms such as. for example, propylene, isobutene. 1-butene. 1-pentene 1-hexene 
ZI^ITth SU ° h 35 butadiene - 1.7-octadiene. and 1.4-hexadiene or cyclic olefins such as 

norbornene. The .nvenfon particularly relates to a new and improved heterogeneous transition metal 

nJTlmS ed C f Wh f Can be 6mpl0yed Wi,h ° r w,,hout the use of ^ organometallic cocaSys 
in the polymenzat.on of olefins. The invention further generally relates to a process for polymerization o 
ethylene alone or with other 1-o.efins or diolefins in the presence of the new supported transition metal 
'2 YSt com .P risin 9 the reaction product of a metallocene containing transition metal compound a 
;°S5; e s C s 2' nin 9 ,ransi,ion metal compound, and an alumoxane in the presence of an support 

15 Description of the Prior Art 

Traditionally, ethylene and 1 -olefins have been polymerized or copolymerized in the presence of 
?II^. a . ,nS °K Uble ° atalySt SyStemS com P risin 9 a transition metal compound and an aluminum alkyl. More 
S V rLn?„^^ 0 n° 9ene0US ! ata,ySt SyStems com P risin 9 a bis(cyclopentadienyl)titanium dialkyl or a 
SSf P ! ! V I z,rcon,um d,alk y'- an aluminum trialkyl, and water have been found to be useful for the 
polymenzation of ethylene. Such catalyst systems are generally referred to as "Ziegler-type cataLs" 

pthJo?o an , m Ap P l L Cati0n 2 ' 608 ' 863 disc,oses the of a catalyst system for the polymerization of 
ethylene consisting of bis(cyclopentadienyl) titanium dialkyl. aluminum trialkyl. and water 

German Patent Application 2.608.933 discloses an ethylene polymerization catalyst system consisting of 
anTcM iTTZu ■JIT" f ° rmU,a (^'opentadieny., n ZrY 4 . n . wherein n sUnds for a numbe rin the 
J ' / CH 2 AIR 2 . CH 2 CH 2 AIR 2 and CH 2 CH(AIR 2 ) 2 . wherein R stands for alkyl or metallo alkyf 
and an aluminum trialkyl cocatalyst and water. y 

European Patent Application No. 0035242. published September 9. 1981 of BASF Aktiengesellschaft 
So »^, Pr ? CeS f pr * parin 9 e,hv,ene and ^ctic propylene polymers in the presence of a halogen-free 
^ SS.^K 8 , TaV. 1) c V cl °P ent adienyl compound of the formula (cyclopentadienyl) n MeY4.n in which n 
k an .nteger from 1 to 4. Me is a transition metal, especially zirconium, and Y is either hydrogen, a C1-C5 alkyl 
?H,rM a !°o a y g T* °/ 3 radiCal havi "9 tne fo,,owin 9 Seneral formula CH 2 AIR 2 . CH 2 CH 2 AIR 2 and 

aS5 ?'. 2 u represents a C,-C s alkyl or metallo alkyl group, and (2) an alumoxane. 

Fnrnn<So n oL/ ea . C A n9 , S ° f homo 9 eneous catalyst systems comprising a metallocene and alumoxane are 
fo e ? Q i PP ,Cat, ° n 0069951> P ub,isn e d January 19. 1983 of Kaminsky et al. U.S. 4.404.344 issued 
September 13. 1983 of Sinn et al., and U.S. Application 697.308. filed February 1. 1985, U.S. 4,522,982 issued 
June 11 985^ European Patent Application No. 129368, published December 27. 1984 and US 4 530 914 
issued July 23. 1985, each commonly assigned to Exxon Research and Engineering Company 
w 1!! dvan,ag f of tne m etallocene alumoxane homogeneous catalyst system is the very high activity obtained 
nTron!^,o PO rf " Zati ° n - An ° ,her si 9 nificant advantage is. unlike olefin polymers produced in the presence 
nLfrr^??,, he tf ro 9eneous Ziegler catalysts, terminal unsaturation is present in polymers produced in the 
«f ?>tL h ° m °9 eneous catalysts. Nevertheless, the catalysts surfer from a disadvantage, that is. the 
1!!° of alumoxane t0 metallocene is high, for example in the order of 1,000 to 1 or greater. Such voluminous 
a ^ U e k, a umoxane would re <*^e extensive treatment of polymer product obtained in order to remove the 
undesirable aluminum. A second disadvantage, of the homogeneous catalyst system which is also associated 
Tl £f2 , ler09eneous Zie 9 ,er catalysts, is the multiple of delivery systems required for introducing the 
individual catalyst components into the polymerization reactor 

m!? al .™«w 914, iSSU !, d Ju ' y 23 ' 1985 - a "omogeneous catalyst system comprising two different 
mn f n^r I?! 6 !" producin 9 Pdyolefins having a broad molecular weight distribution and/or multi-modal 
molecular weight distribution is described. 

50 ,vl C r° P ^ in9 appl l ca,ion USSN 697 - 308 - filed F ebruary 1, 1985, there is described a homogeneous catalyst 
rllrZ JH« 9 °I m ° re me,al| ocenes. each having different reactivity ratios, for use in producing 
reactor blends. i.e.. blends of two or more polymers having a varied compositional distribution produced 

SiflSSlt 1 " °m reaC £c a ° ther teaChi " 9S are ,0und in US - 4 ' 522 ' 982 - issued June 1 1 • 1 985 and European 
Patent Application No. 129368. published December 27 1984 

55 D^SSS^p? 16 ' 1, i0 UCt i?T 0<Ti(IV) A ' ky,S in Cab: 0*Si's Surfaces'. Journal, of Catalysis 23. 71(1971); 
q A 9 9?°iQflm 5 'I 956 " 6 81 31 Hetero 8««»«°n of Homogeneous Catalysts". Journal. Molecuter Catalysis. 
-; 7 J 11 7°' d,sc| ose a supported titanocene in combination with alkyl aluminum halides as poor catalysts for 
olefin polymerization. 

so JnnlZTr!?? * pp,icatior \ SN 747 ' 616 > ^™ 21, 1985, a heterogeneous catalyst system comprising a 
60 supported metallocene and an alumoxane cocatalyst is disclosed 

nf mfttl^c 6 ^ P , aten I App " cation Na 206794 ' Polished December 30, 1986, a new catalyst and composition 
of matter is d.sclosed, said composition of matter comprising the reaction product of a metallocene and an 
alumoxane in the pr sence of a catalyst support such as silica. 
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These catalysts comprising a metallocene and alumoxane obtain polymer product having a narrow 
molecular weight distribution or if two metallocenes are employed, a multimodal molecular weight distribution. 

It would be highly desirable to provide a metallocene based catalyst which is commercially useful for the 
polymerization of olefins wherein the aluminum to transition metal ratio is reduced compared with the known 
homogeneous systems! to provide a polymerization catalyst system which produces polymer product having 
improved particle size and bulk density/ and to provide a catalyst system which evidences improved 
comonomer incorporation in the production of, for example, linear low density polyethylene (LLDPE). It is 
particularly desirable to provide a catalyst system capable of producing polymers having a broad molecular 
weight distribution and/or compositional distributions. 



Summary of the Invention 

In accordance with the present invention, a catalyst system comprising (i) the reaction product of at least 
one metallocene containing at least one non-metallocene containing transition metal compound (i.e., a 
transition metal compound not containing the cyclopentadienyl ring) and an alumoxane in the presence of a 
support material thereby providing a supported catalyst component and (ii) an organometallic compound of a 15 
metal of Groups IA, IIA, IIB and IIIA of the Periodic Table is provided for olefin polymerization, and particularly 
for the production of linear low, medium, and high density polyethylenes and copolymers of ethylene with 
alpha-olefins having 3 or more carbon atoms (Ca-Cis), cyclic olefins, and/or diolefins having up to 18 carbon 
atoms. 

The supported catalyst component provided in accordance with one embodiment of this invention, 20 
comprises the product obtained by contacting at least one metallocene and at least one non-cyclopentadienyl 
transition metal compound, an alumoxane. and a support material thereby providing a supported 
(multi)metallocene-non-metallocene transition metal compound alumoxane reaction product olefin polymeri- 
zation catalyst component. # . " 

In accordance with another embodiment of the invention, a catalyst system compnstng a supported (multi) 25 
metallocene-noncyclopentadienyl transition metal compound alumoxane reaction product and an organome- 
tallic compound is provided which will polymerize olefins at commercially respectable rates without an 
objectionable excess of alumoxane as required in the homogenous system. 

In yet another embodiment of this invention there is provided a process for the polymerization of ethylene 
and other olefins, and particularly homopolymers of ethylene and copolymers of ethylene and alpha-olefins 30 
and/or diolefins in the presence of the new catalyst system. The process, by means of the catalyst, provides 
the capability of producing polymers having a varied range of molecular weight distributions, i.e., from narrow 
molecular weight distribution to a broad molecular weight distribution and/or multi-modal molecular weight 
distribution. The process also provides the capability of producing reactor blends of polyethylene with 
polyethylene copolymers of selected composition. 

The metallocenes employed in the production of the reaction product on the support are organometallic 
coordination compounds which are cyclopentadienyl derivatives of a Group IVb, Vb, or Vlb metal of the 
Periodic Table (66th Edition of Handbook of Chemistry and Physics. CRC Press [1986 CAS version])- and 
include mono, di and tricyclopentadienyls and their derivatives of the transition metals. Particularly desirable 
are the metallocene of a Group IVb and Vb metal such as titanium, zirconium, hafnium, and vanadium. The 
alumoxanes employed in forming the reaction product with the metallocenes are themselves the reaction 
products of an aluminum trialkyl with water. 

The alumoxanes are well known in the art and comprise oligomeric linear and/or cyclic alkyl alumoxanes 

represented by the formula: 
(I) R-(Al-0)n-AIR 2 

for oligomeric, linear alumoxanes and (II) (- AI-0-)m 

R 

for oligomeric. cyclic alumoxane, wherein n is 1-40, preferably 10-20. m is 3-40. preferably 3-20 and R is a Ci-Ca 
alkyl group and preferably methyl. Generally, in the preparation of alumoxanes from, for example, aluminum 
trimethy! and water, a mixture of linear and cyclic compounds is obtained. 

The alumoxanes can be prepared in a variety of ways. Preferably, they are prepared by contacting water with 
a solution of aluminum trialkyl, such as, for example, aluminum trimethyl, in a suitable organic solvent such as 
benzene or an aliphatic hydrocarbon. For example, the aluminum alkyl is treated with water in the form of a 
moist solvent. In a preferred method, the aluminum alkyl, such as aluminum trimethyl, can be desirably 
contacted with a hydrated salt such as hydrated ferrous sulfate. The method comprises treating a dilute 
solution of aluminum trimethyl in, for example, toluene with ferrous sulfate heptahydrate. 

The transition metal compounds employed in the production of the supported catalyst component are 
coordination compounds of a Group IVB. VB. or V!B metal, excluding cyclopentadienyl derivatives, but 
including the halide, alkoxide, oxyhalide, and hydride derivatives of the transition metals. Particularly desiraoie 
are the derivatives of Group IVB and VB metals such as titanium, zirconium, and vanadium. 

PREFERRED EMBODIMENTS 

Briefly, the supported (multi) transition metal alumoxane containing catalyst component of the presenx 
invention is obtained by contacting an alumoxane and at least on metallocene and at Jpast on 
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Calais, componem to, ,h e wST"^ ' * '"° M, °° m e.al-a,umo» a ne- C oo, ai „ l ^ 

divided form. P°'yoienn. preferably, the support material is an inorganic oxide in a finely 

^^^^l^^^^^^T in -ordance with this invention include 

inorganic oxides that may eS^o^STV"?- Si,ica - alumina and mi *tures thereof. Other 

W are magnesia, titania. zirconia an6 th I £ ^ Other ^^1^ ^° W " h the Si ' iCa ' a ' Umina ° r ^""-alumina 

ex ?hTmeSir r po r e,ins ssr however ' can be ™ - 

add h ed ^ZSS^SSZ TZSZStt 9r ° UPS ^ Wi " Wi,h the metal '-ne 
thermal treatment in order tTremov water' and Z5t « ° X ' de SUPPOrt iS deh V drate d. i. e., subjected to a 
15 treatment is carried out in vacTm or whife o^Ta lU ^T^ °' the SUrfaCe h * drox y' 9 rou P s " ™e 
about 100°C to about 1000' C and ^SiS^^&TT T * S ni,r ° 9en as a temperature of 
not critical. The duration of th^fSStmert^fSff^ k ^° C> PreSSUre con siderations are 

longer times can be employed ^Zdi^SbSS.^ ZTJvTJ 24 h ° UrS; however ' snorter or 

. Chemical dehydration as ar ?i^iS3iS^Tf h ' 8 ? b ? hed wth the surta ce hydroxyl groups, 
advantageously be emp^e TSS^JSS^SST^ ° ' ^ SUPPOft mater ' al can 

surface to inert species Usefu, chS 

trimethylchlorosilane dimethyam^notnme^ SiCU: ch, o r osilanes. such as 

slurrying the inorgan c piSSSS^SS^^^l ^ de W* ion * accomplished by 

such as. for example, hexane Dun™ fZV^J n ^fT*' S '" Ca ,n 30 inert ,ow boi,ino hydrocarbon 
moisture and oxy^en-fre atmoSr TTTt^ S^^ 0 ":^ 0 ^ ^ Shou,d be «*«Wned in a 
solution of the chemical dSS^^^L^ "S^ ' S *T ^ 3 '° W b ° i,ing inert "V^carbon 
added slowly to the slurry. SI £ rano « Z'J? e h xam .P ,e - d, f "'^^^^hylsilane. The solution is 
25°C to about 120°C. howeve? higher So^ reaCti ° n Can be ,rom ab °* 

will be about 50'C to about 70«C Th SmS JSZSS. ^ ""J" 0 **' Pre,erab| y. the temperature 
the moisture is removed from ^S^.JSS^T^ 8 '^ be a "° Wed t0 prOCeed unt " a » 
Normally, the chemical dehydration ^^JK^S^' " '"^f* by CeSS3ti ° n ° f 9 as evo,ution - 
hours, preferably 1 to 5 hoi. ^^^^tS^S^S^ 1 1™ 3 ° minUteS ,0 about 16 
filtered under a nitrogen atmosphere StiZhl^^Jl f ^hydration, the solid particulate material is 
solvent. The wash ^mrAslS^^T!!^ {meS W ' th a dry ' ox y9en-free inert hydrocarbon 

dehydrating agent, ca b Tany ?? ""J*** a ° d ,he SOlution ° f chemical 
hexane. toluene, isopentane and the like hydroCarbon - '»«strat.ve of such hydrocarbons are heptane. 

traction metaUo^ can be usefully employed as the 

component is a compound ofTo™ HV T^T^ ^^TT- ,h6 tr3nSi,i ° n metal 

represented by the formulas- TrX'i S i T S' o ,^fJf he trans,t,on me,al component is generally 

or VIB meta.. L*^?^$™&%f* D ~f jS,^ V0{0R ' )3, * * 3 Gr ° Up ,VB ' VB 

number equal to or less than 4 X' is a h»uv^f ^ preferably titanium, vanadium or zirconium, q is 0 or a 
from 1 to20e^nSm^ R.V«^ o ™ ,San a,k y arou P- a ^' 9~"P or cyc.oa.ky. group having 
the like. The aryl an^arSs^^S^^ 9 ' ^ 9r ° UP ' ara,kyl 9roup " su "stituted aralkyl group, and 
atoms. When 7he t So^meta^ ? m 1 ,0 20 Carbon a,oms P re ^ ab 'V Ho 10 carbon 

or aralky. group, the hydro«r by ,ToM 

metalcarbon bond. Illustrative but non i£uln I V , C ° nt !' n a " H at0m in the P° si,ion beta to the 
2.2-dimethy.butyl. 2.2-dimethZxyl arv. or™ !,,,k P '! S ° f ^ 9roups are "eo-pentyl. 
cyc.oa.ky. groups such JVZX^JSZ^ TL^T^. ^ ^ s such as 

desired. noroomyi. Mixtures of these transition metal compounds can be employed if 

vanadium compounds include y^^^oto^ 17h ^ l ^ Ttl ^ 2H3s)at - "'"strative examples of 
compounds include ZrCU 2rci a (OC HO ^a^r'fl* ™ { ° C * H '^ '""strative examples of zirconium 
SS ZrCI 2 (OC 4 H 9 ) 2 . and ZrClSd4H^ ( 2 5,1 C ' 2(OC2H5)2 ' ZrC "°C 2 H s ) 3 . 2r(OC 2 H 5 ) 4 . 2rCI 3 (OC«H 9 ). 

befng SSS SK" ^of^JlS,^^^ be a -P'^ restriction 

the alumoxane and one or more mSa ° UndS w wh,ch ma y be cont acted with the support and 
mixtures thereof can be use^llv eSSS irl* ^ yhalo 9 en,de ™<* alkoxide transition metal compound or 
60 preferred with vanadium teSorSe ^ TnadLm SSft ,ranSit ''° n metal com P°™ d s «• especially 

The present invention eSys at'l^nT S2 i "*' 3,1(3 titaniUm ,e,rach,orid e being most preferred 
catalyst. Metal.ocene. Z ]" Tc c open £^ £?Z£Z? 'T™?* h ,he ,0rm3ti0n 0f the su PP° rted 
usefully mployed in accordance S'h s"n7ention^nn, W °' 3 c y c,0 P en tadiene. The metallocenes 

sefected from Group IVB or V B me l nrJZlTuJ ^ ^ 006 c y cl °P en tadiene ring. The metal is 

* titanium and zirconium. t£ SioSSS^ STT 1, ''"f 1 '"" 1 ' h3fniUm - 3 " d Vanadium - and es P ecia,l V 

ne cyciopentad.enyl r.ng can be unsubst.tuted or contain substituents sush as for 
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example, hydrocarbyi substituents. The metallocene can contain one, two, or three cyclop ntadienyl rings 
however two rings are preferred. 
The metallocenes can b repres nted by the general formulas: 

I. (Cp)mMRnXq 

wherein Cp is a cyclopentadienyl ring, M is a Group IVB, or VB transition metal, R is a hydride or a hydrocarbyi 
group having from 1 to 20 carbon atoms, X is a halogen atom, m = 1-3, n = 0-3, q = 0-3 and the sum of 
m + n + q is equal to the oxidation state of M. 

II. (CsR / k)gR"s(C 5 R'k)MQ3-g and 
III. R"s(C5R'k)2MQ' 

wherein (CsR'k) is a cyclopentadienyl or substituted cyclopentadienyl, each R' is the same or different and is 
hydrogen or a hydrocarbyi radical such as alkyl, alkenyl, aryl, alkylaryl, or arylalkyl radical containing from 1 to 
20 carbon atoms or two carbon atoms are 

joined together to form a C4-C6 ring, R" is a C1-C4 alkylene radical, a dialkyl germanium or silicon, or a alkyl 
phosphine or amine radical bridging two (CsR'k) rings, Q is a hydrocarbyi radical such as aryl, alkyl, alkenyl, 
alkylaryl, or aryl alkyl radical having from 1-20 carbon atoms, hydrocarboxy radical having from 1-20 carbon 
atoms or halogen and can be the same or different from each other, Q' is an alkylidiene radical having from 1 to 
about 20 carbon atoms, s is 0 or 1 , g is 0, 1 or 2, s is 0 when g is 0, k is 4 when s is 1 , and k is 5 when s is 0, and M 
is as defined above. 

Exemplary hydrocarbyi radicals are methyl, ethyl, propyl, butyl, amyl, isoamyi, hexyl, isobutyl, heptyl, octyl, 
nonyl, decyl, cetyl, 2-ethylhexyl, phenyl and the like. 

Exemplary halogen atoms include chlorine, bromine, fluorine and iodine and of these halogen atoms, 
chlorine is preferred. 

Exemplary hydrocarboxy radicals are methoxy ethoxy, butoxy, amyloxy and the like! 

Exemplary of the alkylidiene radicals is methylidene, ethylidene and propylidene. 

Illustrative, but non-limiting examples of the metallocenes represented by formula I are dialkyl metallocenes 
such as bis(cyclopentadienyl) titanium dimethyl, bis(cyctopentadienyl)titanium diphenyl, bis(cyclopentadie- 
nyl)zirconium dimethyl, bis(cyclopentadienyl)zirconium diphenyl, bis (cyclopentadienyl) hafnium dimethyl and 
diphenyl, bis(cyclopentadienyl)titanium dineopentyl. bis(cyclopentadienyl)zirconium dineopentyl, bis(cy- 
clopentadienyl)titanium dibenzyl, bis(cyclopentadienyl)zirconium dibenzyl, bis(cyclopentadienyl)vanadium 
dimethyl; the mono alkyl or mono aryl metallocenes such as bis(cyclopentadienyl)titanium methyl chloride, 
bis(cyclopentadienyl)titanium ethyl chloride, bis(cyclopentadienyl)titanium phenyl chloride, bis(cyclopentadie- 
nyl)zirconium methyl chloride. bis(cyclopentadienyl)zirconium ethyl chloride, bis(cyclopentadienyl)zirconium 
phenyl chloride. bis(cyclopentadienyt)titanium methyl bromide, bis(cyclopentadienyl)titanium methyl iodide, 
bis(cyclopentadienyl)titanium ethyl bromide, bis(cyclopentadienyl)titanium ethyl iodide. bis{cyclopentadie- 
nyl)titanium phenyl bromide. bis(cyclopentadienyl)titanium phenyl iodide, bis(cyclopentadienyl)zirconium 
methyl bromide, bis(cyclopentadienyl)zirconium methyl iodide. bis(cyc!opentadienyl)zirconium ethyl bromide. 
bis(cyclo- pentadienyl)zirconium ethyl iodide, bis(cyclopentadienyl)zirconium phenyl bromide, bis(cyclopenta- 
dienyljzirconium phenyl iodide; the trialkyl metallocenes such as cyclopentadienyltitanium trimethyl. 
cyclopentadienyl zirconium triphenyl. and cyclopentadienyl zirconium trineopentyl, cyclopentadienylzirconium 
trimethyl, cyclopenta- dienylhafnium triphenyl, cyclopentadienylhafnium trineopentyl, and cyclopentadienylhaf- 
nium trimethyl; the dihalide metallocenes such as bis(cyclopentadienyl)zirconium dichloride and bisfcyclopen- 
tadienyl) titanium dichloride. 

Illustrative, but non-limiting examples of II and 111 metallocenes which can be usefully employed in 
accordance with this invention are monocyclopentadienyls titanocenes such as, pentamethylcyclopentadienyl 
titanium trichloride, pentaethylcyclopentadienyl titanium trichloride, bis(pentamethylcyclopentadienyl) tita- 
nium diphenyl, the carbene represented by the formula Cp2Ti « CH2 and derivatives of this reagent such as 
Cp 2 Ti«CH 2 • AI(CH 3 ) 3 , (Cp 2 TiCH 2 )2. and 



substituted bis(Cp)Ti(IV) compounds such as bis(indenyl)titanium diphenyl or dichloride, bis(methylcyclopen- 
tadienyl)titanium diphenyl or dihalides; dialkyl, trialkyl. tetra-alkyt and pentaalkyl cyclopentadienyl titanium 
compounds such as bis( 1 ,2-dimethylcyclopentadienyl) titanium diphenyl or dichloride. bis(1 ,2-diethylcyclopen- 
tadienyl) titanium diphenyl or dichloride or other dihalide complexes; silicon, phosphine, amine or carbon 
bridged cyclopentadiene complexes, such as dimethyl silyldicyclopentadienyl titanium diphenyl or dichloride, 
methyl phosphine dicyclopentadienyl titanium diphenyl or dichloride. methylenedicyclopentadienyl titanium 
diphenyl or dichlorid and other dihalid complexes and the lik . 

Illustrative but non-limiting examples of the zirconocenes of Formula II and III which can be usefully 
employed in accordance with this invention are. pentamethylcyclopentadienyl zirconium trichloride, 
pentaethylcyclopentadienyl zirconium trichloride, the alkyl substituted cyclopentadienes, such as bis(ethylcy- 
clopentadienyljzirconium dimethyl. bis(3-phenylpropylcyclopentadienyl)zirconium dimethyl, bis(methylcy- 
clopentadienyl)zirconium dimethyl, bis(n-butylcyclopentadienyl)zirconium dimethyl, bis(cyclohexylmethylcy- 
cloperitadienyljzirconium dimethyl, bis(n-octyl-cyclopentadienyl)zirconium dim thyl. and haloalkyl apd 
dihalide complexes of the above; dialkyl, trialkyl, tetra-alkyt, and pentaalkyl cyclopentadien s, such as 
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bS ^ SSSr. ^TJ e ^ ,Zir ^ ium diphenyl ' bis <Pe n tamethylcyclopentadienyl) 2 irconium dimethyl 
S D ho u S ST tad : en H y,,2irC ° niUm dime,hyl and mon ° and diha,ide c°mp.exes of the above; siS 
*Z££Z%^^i!^ cyclopentadiene complexes such as dimethylsilyldicydopentadienyi 
haJde o7dthT2e y LThl V ^ ° r dlhalide ' and me,hy ' ene <*cyc«o P entadieny. zirconium dimethyl, met£y 
compounds such as re P r ^ted by the formulae C PJ Zr=CH 2 P(C 6 H 5 ) 2 CH 3 . and derivatives" of these 



0 



Cp 2 ZrCH 2 CH(CH 3 )CH 2 . 



? ° f "I* SUPPOrt as menti oned above, is conducted in an inert solvent The same inert 

quired the ZZ£ en S °!T a,S ° emP ' 0yed t0 diSS0,Ve ,he ™ta,.ocenes and. if desired andS 
hv5rnr a ^on ^ k meta ' com P° nen t- deferred solvents include mineral oils and the various 
I£nS?2 <? ^ " qUid 3t reaCti ° n temperatures and in which the metallocenes are soluble HlusTS 
- nZnl l^nlT;^ J^,*-*""" such as P*"tane, iso-pentane. hexane. heptane oSSS 
2hL2iS ?. ,f h 33 c y cl °P en,ane and cyclohexane; and aromatics such as benzene toluene 
12™^^"? J ethy be " 2ene " Pref ^'y the support material is slurried in toluene and the alumoxane and 

SrSSS^S^l t0 T* ,0 additi0n l ° the Support material - The «* T more trSS 
rJSiinThu !?' be contacted with the support material together with the metallocene(s) and 

alumoxane by dissolving or slurrying in the solvent, it can be contacted separately and simultaneous^ a^a 

^52^^™^""^°: the transition metaJ component can iSSSSSS! 

is no? cmS. 1 S ? 6ne V* a,umoxane ""h f he ^pport materia). The amount of solvent to be emptoyed 

IZ^SJST^*' 1 6 am ° Unt emP '° yed Sh0U,d provide ade « uate heat trans,er awaVfrom the 
catalyst components during reaction and permit good mixing 

bm^XHTf^ th ! ° ne ° r m0re metal| ocene(s) and the one or more transition metal component(s) can 

^SSSSn^^^ST ma l erial : apid ' y ° r S,0W,y - ^ temperature maintained during the contac t o Mte 

Sn^TIS^^T ^ f ° r eXarnple • fr0m °° t0 1 °°° C - Greater or ,esser t^peratures can a°so be 
r«mno. 1 Preferab,y ' the alumoxane, the at least one metallocene and the at least one transition metal 

ron^^«T. t^S^ ^. the a,umoxane and the at least one metallocene and the at least one 

^SS^^S^^^^ "K ^ SUPP ° rt materia ' iS rapid ' however - rt is desirabl ° ^at the 
thJ ™T? P . P ? tenal be mamtain ed 'or about one hour up to eighteen hours or greater Preferably 

^l^ZSiTSZT* on ! hour ^ reaction of ,he alumoxa " e and ,he at ™ 

etememaVa^T J n ° n ; meta,,oc ° ne transit '°n metal compound with the support material is evidenced by 
^SiS^t) SUPPOrt ma,6r,al ,0r the tranSiti0 " meta,S C0n,ained in the metallocene(s) and 

oxygen' a™ VZurf 1r£! l" 9 "^"' 8 38 We " 35 the reC0Vered cata,yst component are protected from 
aTmosohenaan ulcZ JI? ' con,actin 9 must be performed in an oxygen and moisture free 
^SS^TrS^S^ T ° xy 9 en and moisture free atmosphere. Preferably, therefore, the contacting 

^ .?«5.TS£SS ^ 9as such as> for examp,e ' ni,rogen - The recovered so,id cata * st * 

non P m2tf.? mpleti0n ° f the contactin g °' the alumoxane and the at least one metallocene and the at least one 

bTSHS^TSS^ C ° mP0U ? d T ^ 8UPP ° rt - the S0,id Ca,a,yst com P° ne "t « * ^recov^ed 
evaoor^on S« ^ Ue ' FOr eXampl6, ,he SOlid ma,erial can be covered from the liquid by vacuum 

^^7S^T !M T U S °' id iS th6reafter dri6d by any SUitab,e dr * in 9 technique, such as. 
arying under a stream of pure dry nitrogen or drying under vacuum 

cem!Ir?£?^ usefully emp«oyed in preparation of the solid supported catalyst component 

blZ Se ZL «? a ^fn The concentration of the metallocene deposited on the essentially dry support can 
Sseu, y emZed S ^ mm ° le8/9 ° f SUPPOrt ' hOWBver ' 9reater or '"seramounts can be 

a „I h !, rn0,ar T° ° f the rne,allocen e component to the transition metal component can vary over a wide ranae 

metaSoce^e com DO n e S, o J f" 9 ! ? ab ° Ut 1 °° l ° ab ° Ut 0 01 and pre,erab| y about 10 to about 0.1 moles 
meiaiiocene component per mole of transition metal component 

varl ov a e^de°ta n U a TZr Se,U ? T**Tt prepara,ion of th « ^olid supported catalyst component can 
rang J of aboJ oTto 2n C °" Cen,rat, ° < n of ) he a 'umoxane added to the essentially dry. support can be in the 
empToved Prefab,! £ ? 5 mm ° ,e8/9 ° f 8UPPOrt ' however - greater or ,esser amo «"ts can be usefully 
eTpeSy ?*7mnl Jn7™ e c ° n " ntra,ion wi » be in the range of 0.5 to 5 mmoles/g of support anJ 
!iumin, a l ,1 ?J mmo,es/ 9 of support. The amount of metallocene added will be such as to provid an 

from about 5.1 to about 50:1 and more preferably in the range from about 10:1 to about 20:1. these ratios ar 
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significantly less than that which is necessary for the homogeneous system. 

It is highly desirable to have for many applications, such as extrusion and molding processes, polyethylenes 
which have a broad molecular weight distribution (BMWD) of the unimodal or the multi-modal type. Such 
polyethyl nes evidence excellent processability, i.e., they can be processed at a faster throughput rate with 
lower energy requirements and at the same time such polymers would evidence reduced melt flow 5 
perturbations. The polyethylenes can be obtained by using the supported catalyst of this invention comprising 
the at least one metallocene and the at least one transition metal component. In accordance with the invention, 
BMWD polyethylenes can be obtained by employing on one support metallocenes and transition metal 
components which will have different propagation and termination rate constants for ethylene polymerization. 
Such rate constants are readily determined by one of ordinary skill in the art. 10 

The MWD of the polyethylenes can also readily be controlled by varying the molar ratios of the metallocene 
to transition metal component on the support. Conventional polymerization adjuvants such as hydrogen, can 
be employed to control the molecular weight of the polymer produced. 

The present invention also provides a process for producing (co)polyolefin reactor blends comprising 
polyethylene and copolyethyiene-alpha-olefins. The reactor blends are obtained directly during a single 75 
polymerization process, i.e., the blends of this invention are obtained in a single reactor by simultaneously 
polymerizing ethylene and copolymerizing ethylene with an alpha-olefin thereby eliminating expensive 
blending operations. The process of producing reactor blends in accordance with this invention can be 
employed in conjunction with other prior art blending techniques, for example the reactor blends produced in 
a first reactor can be subjected to further blending in a second stage by use of the series reactors. 20 

In order to produce reactor blends the supported aiumoxane-metallocene-transition metaJ component 
catalyst comprises metallocenes and transition metal compounds having different reactivity ratios. 

The reactivity ratios of the metallocenes and transition metal components in general are obtained by 
methods well known such as. for example, as described in "Linear Method for Determining Monomer 
Reactivity Ratios in Copolymerization*, M. Fineman and S. D. Ross, J. Polymer Science 5, 259 (1950) or 25 
- Copolymerization ", F. R. Mayo and C. Walling, Chem. Rev. 46, 191 (1950) incorporated herein in its entirety by 
reference. For example, to determine reactivity ratios the most widely used copolymerization model is based 
on the following equations: 



*11 

Ml* + Mi ^ Ml* (1) 



*12 

Ml* + M 2 ^ M2* (2) 



30 



35 



40 



*1 

M 2 * + Mi v Ml* (3) 45 



. 50 

k 22 

M 2 * + M 2 ^ M 2 * (4) 

where Mi refers to a monomer molecule which is arbitrarily designated i (where i - 1, 2) and Mr refers to a 55 
growing polymer chain to which monomer i has most recently attached. 

The kij values are the rate constants for the indicated reactions. In this case, k! 1 represents the rate at which 
an ethylene unit inserts into a growing polymer chain in which the previously inserted monomer unit was also 
ethylene. The reactivity rates follow as: n -kn/ki 2 and r 2 -k 22 /k 2 i wherein kn. ki 2 . k 22 and k 2 i are the rate 
constants for ethylene (1 ) or comonomer (2) addition to a catalyst site wh re the last polymerized monomer is so 
ethylene (ktx) or comonomer (2) (k 2 x). 

In Table I the ethylene-propylen reactivity ratios n and r 2 are listed for several metallocenes and transition 
m tal components. 

It can be seen from Table I that if one desires a blend comprising HDPE/ethylene-propyiene copolymer one 
would select (Me 5 Cp) 2 ZrCI 2 and TiCU in ratios of about 1 to 10 to about 10 to 1 whereas if one desires a blend 55 
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Tuf ^?o L 1 DPE/e,hylene - prOPy,ene ° ne W0Uld se,ec < (^Cp, 2 ZrC. 2 and VCU in ratios of about 1 to 10 to 

ratios are dependent upo ^nSt^lSS^ 0 ^^^ meta,,ocenes selec,ed their molar 
composition desired fo -the blenTn aJnIr a ?Th '° r the com P° nent Polymers and the overall 

will each have r values w^ch rtZ?, ' I componem ca,a,vst used a reactor blend catalyst mixture 
blends of two or more polymers ° * Pr ° dUCe P °' ymer com POsitions which 

comprise 



TABLE I 
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Catalyst 
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Cp 2 Ti=CH 2 Al(Me) 2 Cl 

Cp 2 TiPh 2 

Me 2 STCp 2 ZrCl 2 

Cp 2 ZrCl 2 

(MeCp) 2 ZrC1 2 

(Me 5 Cp) 2 ZrCl 2 

[Cp 2 ZrCl] 2 0 



TiCl 
TiCl 

vci 3 

VC1, 



(a) 
(a) 

(a) 

(a) 



V0(0R) CK 
ZrCl 4 (a) 



(a) 



24 

19.5+1.5 
24+2 
._48+2 

; 60 v | 
~250+30 
50 

15.7 
\33."} 
5.6 

7.1; 

17-28 
61 



0'0085 
0.015+.002 
0.029+.007 
0.015+.003 

.002+0.001 
0.007 

o.no 

0.032 
0J45 
0.088 



50 



(a) J, Boor, Ziegler-Natta Catalysts and Polymerizations, Academic 
Press, New York, 1979, P. 577. 
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mSSSS 1™3 5i3? ^ inVenti ° n C ° mPriSeS " ""P— * * 

o££! l £^^ combina «°" -th the catafyst component are 

compounds just mentioned ^M^S^Z^ Am ° ng ° ther 0rganic metal 

compounds usable herein ™2^^^,£T^ Und ? ^ Part.cular1y desirable. The organic aluminum 

or an ary. group rJJ^,'SSS?SS f^^fP^T H d6n ° ,eS 30 *** ° r0up 

atom, and n denotes . dttfred numoer™ the^ae of 1 S * T *" a ' k ° Xy 9TOUP 0r a hydroaen 

aluminum compounds are alkvl aluminum^ ™LT 9 ! ° 3,1 Part,cu,ar| y desirable examples of the organic 
monoalkyl alum^urn dS aZ TminZ ^ T M ^ a,Uminum - ^ a,uminum ™n hllide, 
aluminum monohydTide ^^^^ f ,k * a,u ™ Um ™noa.Koxide. and dialky. 

mixtures and complex compounds hertoMllLL carbon a,on ] s - Preferably 2 to 6 carbon atoms, and 
compounds thereof. Illustrative examples of such organic aluminum-compounds are 
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trialkyl aluminums such as trimethyl aluminum, triethyl aluminum, tripropyl aluminum, triisobutyl aluminum, and 
trihexyl aluminum, diaikyl aluminum monohalides such as dimethyl aluminum chloride, diethyl aluminum 
chloride, diethyl aluminum bromide, diethyl aluminum iodide, and diisobutyl aluminum chloride, monoalkyi 
aluminum dihalides such as methyl aluminum dichlorid , ethyl aluminum dichloride, methyl aluminum 
dibromide, ethyl aluminum dibromide, ethyl aluminum diiodide, and isobutyl aluminum dichloride, alkyl 5 
aluminum sesquihalides such as ethyl aluminum sesquichloride, diaikyl aluminum monoalkoxides such as 
dimethyl aluminum methoxide, diethyl aluminum ethoxide, diethyl aluminum phenoxide, dipropyl aluminum 
ethoxide, diisobutyl aluminum ethoxide. and diisobutyl aluminum phenoxide, and diaikyl alminum hydrides 
such as dimethyl aluminum hydride, diethyl aluminum hydride, dipropyl aluminum hydride, and diisobutyl 
aluminum hydride. Among other organic aluminum compounds enumerated above, trialkyl aluminums, 10 
specifically trimethyl aluminum, triethyl aluminum, and triisobutyl aluminum, prove particularly desirable. The 
trialkyl aluminum can be used in combination with other organic aluminum compounds such as diethyl 
aluminum chloride, ethyl aluminum dichloride, ethyl aluminum sesquichloride, diethyl aluminum ethoxide, or 
diethyl aluminum hydride which are available commercially. These other organic aluminum compounds may be 
used in the form of a mixture or complex compound. 15 

Further, an organic aluminum compound having two or more aluminum atoms linked through the medium of 
an oxygen atom or nitrogen atom is aJso usable. Concrete examples of this organic aluminum compound are 
(C2H S )2AIOAI(C 2 H 5 )2, (C4H 9 ) 2 AIOAI(C4H9)2. and 



(C 2 H 5 ) 2 A1NA1(C 2 H 5 ) 2 . 



C 2 H 6 



20 



25 



30 



35 



40 



Examples of organic compounds of metals other than aluminum are diethyl magnesium ethyl magnesium 
chloride, diethyl zinc, and such compounds as UAI(C2H5)4 and UAI(C7Hi5)4. The ratio of organometallic 
compound to transition metai component will generally be in the range of about 1 to about 100 moles of 
aluminum per mole of transition metal component metal on the support. The organometallic compound can be 
used in a suitable hydrocarbon solvent such as isopentane, hexane, or toluene. 

The inorganic oxide support used in the preparation of the catalyst may be any particulate oxide or mixed 
oxide as previously described which has been thermally or chemically dehydrated such that it is substantially 
free of adsorbed moisture. 

The specific particle size, surface area, pore volume, and number of surface hydroxyl groups characteristic 
of the inorganic oxide are not critical to its utility in the practice of the invention. However, since such 
characteristics determine the amount of inorganic oxide to be employed in preparing the catalyst 
compositions, as well as affecting the properties of polymers formed with the aid of the catalyst compositions, 
these characteristics must frequently be taken into consideration in choosing an inorganic oxide for use in a 
particular aspect of the invention. For example, when the catalyst composition is to be used in a gas-phase 
polymerization process - type of process in which it is known that the polymer particle size can be varied by 
varying the particle size of the support - a the inorganic oxide used in preparing the catalyst composition 
should be one having a particle size that is suitable for the production of a polymer having the desired particle 
size. In general, optimum results are usually obtained by the use of inorganic oxides having an average particle 
size in the range of about 30 to 600 microns, preferably about 30 to 100 microns; a surface area of about 50 to 
1,000 square meters per gram, preferably about 100 to 400 square meters per gram; and a pore volume of 
about 0.£ to 3.5 cc per gram; preferably about 0.5 to 2cc per gram. 

The polymerization may be conducted by a solution, slurry, or gas-phase technique, generally at a ^ 
temperature in the range of about 0° to 160° C or even higher, and under atmospheric, subatmospheric, or 
superatmospheric pressure conditions; and conventional polymerization adjuvants, such as hydrogen may be 
employed if desired. It is generally preferred to use the catalyst composition at a concentration such as to 
provide about 0.000001 - 0.005°/o, most preferably about 0.00001 - 0.00030/0, by weight of transition metal 
based on the weight of monomer(s) , in the polymerization of ethylene, alone or with one or more higher olefins. ^ 

A slurry polymerization process can utilize sub- or super-atmospheric pressures and temperatures in the 
range of 40 to 110°C. In a slurry polymerization, a suspension of solid, particulate polymer is formed in a liquid 
polymerization medium to which ethylene, alpha-olefin comonomer, hydrogen, and catalyst are added. The 
liquid employed as the polymerization medium can be an alkane or cycloalkane, such as butane, pentane, 
hexane. or cyclohexane, or an aromatic hydrocarbon, such as toluene, ethylbenzene or xylene. Th medium ^ 
employed should be liquid under the conditions of the polymerization and relatively inert. Preferably, hexan or 
toluene is employed. 

A gas-phase polymerization process utilizes superatmospheric pressure and temperatures in the range of 
about 50° to 120°C. Gas-phase polymerization can be performed in a stirred or fluidized bed of catalyst and 
product particles in a pressure vessel adapted to permit the separation of product particles from unreacted ^ 
gases. Thermostated ethylene, comonomer, hydrogen and an inert diluent gas such as nitrogen can be 



9 



0 260 130 



^^^^l-^^;^^ temperature or 50' to 120*0. Polymer product 
in the reactor. After polymerizatio aSSSS^i fh? f 1 Ch ,? m3int3in 3 COns,ant P roduct in ™tory 
any suitable means. In commercial XStXS^l^T^ *? P ' DdUCt P °' ymer Can be recovered b V 
reactor, freed of residual monomer ^'S£ZZ£1£ r * C ° Vered direC,ly ,rom the 9 as P ha! * 
removal. The polymer obtained can be extuded 1 wl W ' th ° Ut fUrTher deactiv ^ion or catalyst 

shapes. Pigments, anti-oxidants an uJS^^^S, . ,nt 2. P-W * " ° th6r SUi,ab,e c ° m ™uted 

The molecular weight of polymer product ob1S ed in acrnT" *S V' ™ Y be 3dded t0 the P 0 '*™- 
range, such as low as 500 up to 2 00 1000 or X?n^Z f^i^ th ' S invention can var V °ver a wide 

In order to further improve cLlyst D er?o°mS * Preferab ' y 1l00 ° to about 500 0 ^- 
desired. Surface modificatio i ^25^2^^^^ ™«on °' the support material may be 
a.umina or silica-alumina with an orSelaUic cLS^-^f ^ th8 SUPP ° rt ma,erial such as 
surface modifying agents for the iSSSS^^S^ hydr0,ytiC Character - More Particularly, the 
Group I.A and I..A of the Periodic Tab* S^Ita^S. « compounds of the metals of 

magnesium and aluminum organometallics and esoedai v J?m m anome,a,l,c compounds are selected from 
thereof represented by the formulas ^tS^^S^^STT/Sf ^J""™" 1 a,kyls or mixtu «* 
same or different are alkyl groups aryl aiovoTtZ^ 6aCh ° f R • R 30(1 R3 wnich ma V be the 

groups or alkeny, groupie t^2rtSSSL2^Sl!R ^' .^° U| * B-W ? d * 9r ° ups a,kadien * 
and preferably from 1 to aboui 10 carton aToms ' C ° n,ain b6tWeen 1 20 carbon a t°™ 

^t^m^ ™ in a suitable solvent to a 

maintained from about 30 to 180 minutes and2S2Sf 3 SUitab,e solvent and the support is 

20 to 100 - c. The diluent ™JE£ff£Z^^ 90 Tf 53 3t 3 tem P era ^ the ra^of 

the organometallic compound and is Sl^ellme "* ° ^ S °' VentS emp, ° yed in ****** 

modifying agent per gram of support material Howevor n~ 9 ? V° m °' eS l ° ^ * 10 " 3 m oles of 

Illustrative, but non-limiting exaratoTS 9 ,6r ° r ' eSSer amoun,s can be employed 
surface modifying agent for ?he support ™t?X ^ m3y b * SUit3b * ^ed as a 

such as diethylmagnesium, diprop^lmagnSms di Sn W ,he ' nVent, '° n 3re dia,k y' ™9nesiums 
tylmagnesium. diamylmagnesium'. d"-nictyS di-n-butylmagnesium di-isobu- 

d.-n^dodecy.magnesium; dicycloaiky.magnesSms s^?^^™*™' ^"^"esiurn. and 
as d.benzylmagnesium. ditolylmagnesium M7dSS^onS^^S7? ne8,um: ^"^nesiums such 
magnesium ethoxide and the like 0'xylylmagnes.um. alkylalkoxy magnesium such as ethyl 

Jsszrsi n ^zr^^^? co r unds which may * «"■**- * 

tripropy.aluminum.tnisobuty.aluminum.tn JSSS^'S^. t ™? th y ,alumi ™'". "•«*« *™«num. 
six carbon atoms and mosSa^ 

magnesium compounds are ethyl-n-p opylmaoJesium^ JS^^^ eX3mpleS of tne P re,e ™ d 
n-buty.-sec-butylmagnes,um, n Al-S^iZ' ZXT"^?™™' ^-"-"^agnesium. 
compounds may be suitab,y emp^ed suS^ d ^^^ 

*fZSS%2^^ S~ «-*!" — a. sources as mixtures of 

amount of aluminum hydrocarbyl is preseT^orTr to fTnn , ^? Um W™*** compound. A minor 
the organomagnesium compound i^SSSS^^^ f ^...ration and/or reduce the viscosity of 
organomagnesium compound can be a^oMhe we^ 

heptane, octane, decane. dodecane. or mKatorS SSi hydr0C3rbon ,,c ' uids - for sample, hexane. " 
tolu ne. xylene, etc. mixtures thereof, as well as aromatic hydrocarbons such as benzene 

<R^£^ a «uminum a,ky, can be represented by the formula 

0. The ratio of y over fv+x) is fZnJ 1 3S ab0Ve ' R is defined as R1 and R2 and x is greater than 
about 0 to 0.1 V (y+X> ,S fr0m ° 10 ,ess than 1 ' P re ' era b'y from 0 to about 0.7 and mos? mS?^ 

Illustrative examples of th« 
[(n-C4H 9 )(C 2 H 5 )Mg][(C 2 Hs)3Alloo2 «^.»^T^^^ anoa ^ num complexes are 
[(n-C 8 H, 32 Mg] [( c 2 H ) 3 A. b o, A suitiSe m a^^^^^ l(n-C4H 9 ) 2 MgJ[(C 2 Hs)3A.J i0 and 

by Texas Alkyls. Inc. magnes.um-alum.num complex is MAGALA®. 8 EM manufactured 

>° P-P-d by conventional method, One 
-n the presence of an inert hydrocarbon solvent ij^LS^' 1 ^^ 3 ' ky ' t0 3 S0,id dia »Mmagnesium 
example, described in U.S. Patent No 3 737 393 and ^^^^^'^-o^anoaluminum complexes are. for 
However, any other suitable method for preparation o( '^Zl^n "* ,ncor P° rated ^ by reference. . 
S.nce, in accordance with this ^tkT^^^^^ 1 com P° und ^y be suitably employed. 

on. on canproduc h.gh v.scos.ty polymer product at a relatively high, 
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temperature, temperature does not constitute a limiting parameter as with the prior art homogeneous 
metallocene/aiumoxane catalysts. The catalyst systems described herein, therefore, are suitable for the 
polymerization of olefins in solution, slurry or gas phase polymerizations and over a wide range of 
temperatures and pressures. For example, such temperatures may be in the range of about -60° C to about 
280°C and especially in the range of about 0°C to about 160°C. The pressures employed in the process of the 
present invention are those w II known, for example, in the range of about 1 to 500 armospheres. however, 
higher pressures can be mployed. 

The polydispersites (molecular weight distribution) expressed as Mw/Mn are typically from 2.5 to 100 or 
greater. The polymers can contain up to 1.0 chain end unsaturation per molecule. 

The polymers produced by the process of this present invention are capable of being fabncated into a wide 
variety of articles, as is known for homopolymers of ethylene and copolymers of ethylene and higher 
alpha-olefins. 

In a slurry phase polymerization, the aluminum alkyl cocatalyst, if used, is preferably AI(CH 3 b or AI(C 2 H S )3. 
The aluminum alkyl cocatalyst is dissolved in a suitable solvent, typically in an inert hydrocarbon solvent such 
as toluene, xylene, and the like in a molar concentration of about 5x10- 3 M; however, greater or lesser 
amounts can be used. 

The present invention is illustrated by the following examples. 

Examples 

In the Examples following, the alumoxane employed was prepared by adding 45.5 grams of ferrous sulfate 
heptahydrate in 4 equally spaced increments over a 2 hour period to a rapidly stirred 2 liter round-bottom flask 
containing 1 liter of a 10.0 wt <V 0 solution of trimethylaluminum (TMA) in hexane. The flask was maintained at 
50° C and under a nitrogen atmosphere. Methane produce was continuously vented. Upon completion of the 
addition of ferrous sulfate heptahydrate, the flask was continuously stirred and maintained at a temperature of 
50° for 6 hours. The reaction mixture was cooled to room temperature and allowed to settle. The clear solution 
was separated from the solids by decantation. The aluminum containing catalyst prepared in accordance with 
this procedure contains 65 mole percent of aluminum present as methylalumoxane and 35 mole percent of 
aluminum present as trimethylaluminum. 

Molecular weights were determined on a Water's Associates Model No. 150C GPC (Gel Permeation 
Chromatography). The measurements were obtained by dissolving polymer samples in hot tnchlorobenzene 
and filtered The GPC runs are performed at 145°C in trichlorobenzene at 1.0 ml/mm flow using styragel 
columns from Perkin Elmer, Inc. 300 microliters of a 3.1<Vo solution (300 ml) in trichlorobenzene were injected 
and the samples were run in duplicate. The integration parameters were obtained with a Hewlett-Packard Data 

Melt index data for the polyethylene products were determined at 190°C according to ASTM Method D 1238. 
Example 1 - / 

Catalyst Preparation ( ,* * 

Catalyst A 

10 grams of a high surface area (Davison 952) silica, dehydrated in a vacuum at 800° C for 2 hours, was 
slurried with 50 cc of toluene at 25° C under nitrogen in a 250 cc round-bottom flask using a magnetic stirrer. A 
solution of 10 cc toluene and 25 cc of methyl alumoxane in toluene (1.03 moles/liter in aluminum) was added 
dropwise over 5 minutes with constant stirring to the silica slurry. Stirring was continued for 30 minutes whil 
maintaining the temperature at 25° C at which time a slurry of 200. mg ZrCU and 270. mg of 
bis(n-butylcyclopentadienyl)zirconium dichloride in 10 cc toluene was added dropwise over 5 minutes witn 
constant stirring. This mixture was stirred for 60 minutes at 25" C at which time the toluene was decanted and 
the solids recovered and dried in vacuo for 4 hours. The recovered solid was neither soluble nor extractable in 
hexane. Analysis of the catalyst indicated that it contained 4.5 wt o/o aluminum and 1 .09 wt <Vo zirconium. 

Gas-Ph ase Ethylene Polymerization 

Polymerization was performed in the gas-phase in a 1 -liter autoclave reactor equipped with a paddle stirrer, 
an external water jacket for temperature control, a septum inlet and a regulated supply of dry n' tro 9 en ; 
ethylene hydrogen and 1-butene. The reactor, containing 40.0 grams of granular polypropylene (10 mesnj 
which was added to aid stirring in the gas-phase, was dried and degassed thoroughly at 85° C. 0.5 cc of a 
hexane solution of 25 wt o/o triethyl aluminum was injected through the septum inlet, into the vessel using a 
gas-tight syringe. The reactor contents were stirred at 120 rpm at 85°C for 1 minute and 0 psig nitrogen 
pressur . 500.0 mg of Catalyst A were injected into the reactor and the reactor was pressured to 200 psig witn 
ethylene. The polymerization was continued for 25 minutes while maintaining the reaction vessel at 85 C ana 
200 psig by constant ethylene flow. The reaction was stopped by rapid cooling and venting. 47 grams or 
polyethylene were recovered. The polyethylene had a weight average molecular weight of 174.000. » " umDe ^ 
average molecular weight of 6.500, a molecular weight distribution of 26.8 and a density of 0.959 g/cc. Specmc 
polymerization activity was calculated by dividing the yield of polymer by the total weight of transition meiai 
contained in the catalyst by the time in hours and by th absolute monomer pressure ir- atmosph res. ror 
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Example 1, the specific activity is calculated. 



47 grams 

specific activity 



.00545 g Zr x 0.417 hr x 13.6 a 



tm 



T521 g/gm Zr hr atm ~ m • ' 



Comparative 
Example 1 

Catalyst B _ 

Catalyst B was prepared using the same procedure as catalyst A, except that the bis(n-butylcyclopentadie- 
nyOzirconium dichloride was omitted. 

• l°c 9 n amS ° f h ' 9h surface area (Davison 952) silica, dehydated in a vacuum at 800° C for 2 hours was slurried 
with 50 cc of toluene at 25° C under nitrogen in a 250 cc round-bottom flask using a magnetic stirrer 35 cc of 
methyl alumoxane in toluene (1.03 moles/liter in aluminum) was added dropwise over 5 minutes with constant 
stirnng to the silican slurry. Stirring was continued for 30 minutes while maintaining the temperature at 25° C at 
which time a slurry of 200. mg ZrCU in 10 cc toluene was added dropwise over 5 minutes with constant stirrinq 
Th.s m.xture was stirred for 60 minutes at 25°C at which time the toluene was decanted and the solids 
recovered and dried in vacuo for 4 hours. The recovered solid was neither soluble nor extractable in hexane 
Analysis of the catalyst indicated that it contained 7.5 wto/o aluminum and 0.71 wto/ 0 zirconium. 

Gas-Phase Ethylene Polymerization 

Polymerization was performed in the gas-phase in a 1 -liter autoclave reactor equipped with a paddle stirrer 
an external water jacket for temperature control, a septum inlet and a regulated supply of dry nitrogen' 
ethylene, hydrogen and 1-butene. The reactor, containing 40.0 grams of granular polypropylene (10 mesh) 
which was added to aid stirring in the gas-phase, was dried and degassed thoroughly at 85* C. 0.5 cc of a 
hexane solution of 25 wt <V 0 triethyl aluminum was injectd through the septum inlet, into the vessel using a 
gas-tight syringe. The reactor contents were stirred at 120 rpm at 85°C for 1 minute and 0 psig nitrogen 
pressure. 300.0 mg of Catalyst B were injected into the reactor and the reactor was pressured to 200 psig with 
ethylene. The polymerization was continued for 10 minutes while maintaining the reaction vessel at 85°C and 
200 psig by constant ethylene flow. The reaction was stopped by rapid cooling and venting. 4.5 grams of 
polyethylene were recovered. The polyethylene had a weight average molecular weight of 2.085,000 a number 
average molecular weight of 1,340.000 a molecular weight distribution of 1.6 and a density of 0 943 g/cc 
Specific polymerization activity was calculated by dividing the yield of polymer by the total weight of transition 
metal contained in the catalyst by the time in hours and by the absolute monomer pressure in atmospheres. 
For Example 1, the specific activity is calculated. 



4.5 grams 



specific activity » 

.00213 g Zr x 0.167 hr x 13.6 

- 930. g/gm Zr hr atm 
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Comparative 
Example 2 
Catalyst C 

Catalyst C was prepared using the same procedure as catalyst A, except that the zirconium tetra-chloride 
was omitted. 

10 grams of high surface area (Davison 952) silica, dehydrated in a vacuum at 800° C for 2 hours, was slurried 
with 50 cc of toluene at 25° C under nitrogen in a 250 cc round-bottom flask using a magnetic stirrer. A solution 
of 10 cc toluene and 25 cc of methyl alumoxane in toluene (1.03 moles/liter in aJuminum) was added dropwise 
over 5 minutes with constant stirring to the silican slurry. Stirring was continued for 30 minutes while 
maintaining the temperature at 25° C at which time a solution of 270. mg of bis(n-buty1-cyclopentadieny1)zirco- 
nium dichloride in 10 cc toluene was added dropwise over 5 minutes with constant stirring. This mixture was 
stirred for 60 minutes at 25° C at which time the toluene was decanted and solids recovered and dried in vacuo 
for 4 hours. The recovered solid was neither soluble nor extractable in hexane. Analysis of the catalyst 
indicated that is contained 4.6 wt <Vo aluminum and 0.53 wt °/o zirconium. 

Gas-Phase Ethylene Polymerization 

Polymerization was performed in the gas-phase in a 1 -liter autoclave reactor equipped with a paddle stirrer, 
an external water jacket for temperature control, a septum inlet and. a regulated supply of dry nitrogen, 
ethylene, hydrogen and 1-butene. The reactor, containing 40.0 grams of granular polypropylene (10 mesh) 
which was added to aid stirring in the gas-phase, was dried and degassed thoroughly at 85° C. 0.5 cc of a 
hexane solution of 25 wt o/o triethyl aluminum was injected through the septum inlet, into the vessel using a 
gas-tight syringe. The reactor contents were stirred at 120 rpm at 85° C for 1 minute and 0 psig nitrogen 
pressure. 200.0 mg of Catalyst C were injected into the reactor and the reactor was pressured to 200 psjg with 
ethylene. The polymerization was continued for 20 minutes while maintaining the reaction vessel at 85° C and 
200 psig by constant ethylene flow. The reaction was stopped by rapid cooling and venting. 12.1 grams of 
polyethylene were recovered. The polyethylene had a weight average molecular weight of 138,600, a number 
average molecular weight of 39,200, a molecular weight distribution of 3.5 and a density of 0.960 g/cc. Specific 
polymerization activity was calculated by dividing the yield of polymer by the totaJ weight of transition metal 
contained in the catalyast by the time in hours and by the absolute monomer pressure in atmospheres. For 
Example 1, the specific activity is calculated. 



12 J grams 



specific activity = 

.00106 gZr x 0.333 hr x 13.6 



2520 g/gm Zr hr atm 



Example 2 
Catalyst D 

50. grams of high surface area silica (Davison 952). dehydrated in a nitrogen flow at 800° C for 5 hours, was 
slurried in 75 cc of hexane at 25° C under nitrogen in a 1 liter flask using a magnetic stirrer. 1 1 .4 cc of 1 1 .0 wt o/o 
butyl-ethyl magnesium (Texas Alkyls) was added dropwise over 30 minutes. The solution was stirred for an 
additional hour, followed by the dropwise addition of a solution of 0.40 g TiCU dissolved in 10 cc hexane over a 
30 minute period. The solution/slurry was stirred an additional hour, followed by the dropwise addition of 10 cc 
of a 0.5 Molar solution of SiCU in hexane. The slurry was stirred for 1 hour, then was decanted and washed fiv 
times with 50 cc portions of hexane. After the final decant, the silica slurry was vacuum dried for 4 hours. 10.0 g 
of the silica product prepared by the previous procedure was placed in a 250 cc flash and was stirred 
magnetically while a solution of 10 cc toluene and 25 cc of (1.03 Molar aluminum) methyl alumoxane solution in 
toluene was added dropwise over 30 minutes at room temperature. Th silica slurry was heated to 80° C and 
stirred for 30 minutes. While heating and stirring. 10 cc of a toluene solution of 250. mg of 
bis(n-butylcyclopentadienyl)zirconium dichloride was added dropwise over 30 minutes. The mixture was 
heated at 80° C and stirred for an additional 30 minutes. Without decanting and without heating the 
solution/slurry was dried under vacuum for 3 hours to yield 10.8 g of a silica-based catalyst which analyzed to 
contain 4.1 wt% aluminum, 0.40 wt<Vo zirconium and 0.19 wt<Vo titanium. 
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Polymerization - Catalyst D 

^r^nl? 6 '? ti0 " ? e w° rm d in the 9as phase in a 1 -'^r autoclave reactor equipped with a paddle stirrer an 

nXoe T and TL JZ T~*T 3 iep,Um 3nd 3 regU,ated Sup ^ of dr > n «W™> 

TZ !^nn l1* k 6 reaC, ° r - con,ainin 9 40 0 9 of granular polypropylene (10 mesh, which was added 

m^L 9 . 9 . P ^c S8 ' WaS dried and de 9assed thoroughly at 85° C. As a scavenger. 0.50 cc of a 
IT, tl nUm S ° U !° n (2S ** /0 hexane) was in ' ec,ed ,hrou 9" the septum inlet, into the vessel using a 
at fl?r n/r 96 "I .n toremove traces of ox y9 en ^d water. The reactor contents were stirred at 120 rpm 
2«rLr L« Z c a * 0 P s J9" ,tr °9en pressure. 200.0 mg of Catalyst D was injected into the reactor and The 
n^ZnlnZ r ° ^ PSi9 6thy,ene - The POfrneitatton was continued for 10 minutes while 

SSSSr^T ^a^ 1 31 85 ° 8nd 200 Psi9 by constant e,h y |ene ,,ow - The reaction w as stopped by 
rap dly coohng and venting. 9.7 grams of polyethylene were recovered. The polyethylene had a weight averaae 

oTSSlinS^ 1 ^ ^ ?K mber 3Vera9e m0 ' eCU,ar Wei9ht 0f ^ and a ™ ,ecu,ar weightSSn 
PE/g M-hr atm V Cata ^ $t was determined as previously described to have a value of 3570 g 

Example 3 
Catalyst E 

^tir 1 r°J?,^c 0 ' 3 h !? h S " rtace "T 8 * si,ica < Davison 9S2). dehydrated in a nitrogen flow at 800'C for 5 hours was 

M i moS ?u 1 fT," f 250 CC ,,aSk USin9 3 magnetic stirrer A so ' ution of1 ° cc toluene and 25 cc o? 
enS^ri cr m) T * a,umoxane so,ution in t0,uen « was ad ded dropwise over 30 minutes at room 
27E .tin '".^ t , W3S heated t0 80 ° C stirred ,or 30 minutes - Wn »« "«ting and stirring. 10 cc 
fdLS Z In 0 ' mQ ° f V0C ' 3 200 m 9 of bis(n-buty1cyc.o P entadienyl) zirconium dichloride wS 

added dropw.se over 30 mmutes. The mixture was heated at 80»C and stirred for an additional 30 mtautes 
« e ? in 9 and wthout further heating the solution/slurry was dried under vacuum for 3 hours to yteld 
w^ to zirconium ^ **** analyzed to contain 4 7 * 0/0 aluminum. 0.24 wt o/ 0 vanadium, and 0.47 

Polymerization • Catalyst E 

' ^Sllf 0 " * e ?? m * d in the 9as phase in a Miter autoclave reactor equipped with a paddle stirrer, an 
ZTeln Z TZV ° r L e h mperatUre CO^tro, • a septum inlet and a re 9 u| ated supply of diy nfrogen. ethylene 
to a ?6 9 !«rtnn ^nL k* ""^ ^T*" 0 400 9 ° f < 10 me7h> which was a'dded 

, 9 . P ,« 8 ' W3S dried 3041 d^^sed thoroughly at 85'C. As a scavenger. 0.50 cc of a 
SI S0 U '° n 125 M /0 h6Xane) Was in ' ected ,nrou 9" septum inlet, into the vessel using a 

?t T«Sr o?^ 6 "I .n ,oremove traces of ox V9«n and water. The reactor contents were stirred at 120 rpm 
factor w« n~« a » 0 n,tr °9en pressure. 400.0 mg of Catalyst E was injected into the reactor and the 
ZZn7nnZ ^Z ° ^ "^o^ e,hy,ene - The P^erization was continued for 14 minutes while 
Z 9 > T° n VeSSe ' at 85 ° and 200 psi 9 bv constant ethylene flow. The reaction was stopped by 
atSp ^T 9 , ™ Q ° £ amS ° f PWW™ were recovered. The polyethylene had a weight 

ZZ£££Z%^ th' 9 1 0, f 309 ' 100 - a number avera 9« molecular weight of 12.900 and a molecular weight 
o! 2960 7plq 'Ll*?am * de,ermined as Previously described to have a value 

Comparative 
Example 3 
Catalyst F 

H^iZl^ the Same procedure as Catal V st E. except that the metailocene compound 

^ £ IS was ,eft out - The dried cata, y st was anaI y 2ed to contain 51 

wt wo aluminum and 0.25 wt o/o vanadium. 
Polymerization - Catalyst F 

was ( ^2^^^^^ 0^ ^f , described in ^^P' 6 5 usi "9 500 mg of catalyst F. 6.7 g of polyethylene 
^ S lod > ml , We '? h J T ra ? e m °' eCUlar weight of 2 ' 000 ' 000 a number avera 9« ^lecular weight 
V hVatrT' molecu,ar we, 9 ht distnbution of 3.2. The specific activity was determined to be 1550 g PE/g 



Claims 



onl'mL X enzat, °" ^PP^ed catalyst comprising the supported reaction product of at least 

cZZtTZ L m l ,a ' °L Gr ° UP ' VB - VB - 0r VIB of ,he Periodic Table (66th Edition of Handbook of 
Chem,stry and Phys.cs. CRC Press. [1985-86]. CAS Version), at least one non-metallocen co^pound^t 
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a transition metal of Group IVB, VB, or VIB and an alumoxane, said reaction product formed in the 
presenc of the support. 

2. A catalyst in accordance with claim 1 wherein the support is a porous inorganic oxide of a Group HA, 
MA, IVA, or IVB element. 

3. A catalyst in accordance with claim 2 wherein the support is silica. 

4. A catalyst in accordance with any of the preceding claims wherein the metallocene is selected from 
titanium, zirconium, hafnium, and vanadium metallocenes and mixtures of any two or more thereof. 

5. A catalyst in accordance with any of the preceding claims wherein the non-metallocene transition 
metal compound is selected from titanium tetrachloride, vanadium tetrachloride, and vanadium 
oxytrichloride and mixtures of any two or more thereof. 

6. A catalyst in accordance with any of the preceding claims wherein the alumoxane is 
methylalumoxane. 

7. A catalyst in accordance with any of the preceding claims wherein the aluminum to transition metal 
molar ratio in the supported product is from 1 :1 to 300:1. 

8. A catalyst in accordance with claim 7 wherein the molar ratio is from 50:1 to 5:1. 

9. A catalyst in accordance with any of the preceding claims wherein the metallocene is represented by 
the formulas 

(I) (Cp)mMRnXq 

(li) (C 5 R / k)gR / '3(C5R , k)MQ 3 ^and 
(lit) R"s(C 5 R'k)2MQ' 

wherein Cp is a cyclopentadienyl ring, M is a Group 4b, 5b, or 6b transition metal, R is a hydrocarbyl group 
or hydrocarboxy having from 1 to 20 carbon atoms. X is a halogen, m - 1 -3, n - 0-3, q - 0-3, and the sum of 
m + n + q is equal to the oxidation state of M, (CsR'k) is a cyclopentadienyl or a substituted 
cyclopentadienyl; each R' is the same or different and is hdyrogen or a hydrocarbyl radical selected from 
alkyl, alkenyl, aryl, alkylaryl or arylalkyl radicals containing from 1 to 20 carbon atoms, or two carbon atoms 
are joined together to form a C4-C6 ring, R" is a C1-C4 aikylene radical, a dialkyl germanium or silicon or an 
alkyl phosphine or amine radical bridging two (CsR'k) rings; Q is a hydrocarbyl radical selected from aryl, 
alkyl. alkenyl, alkylaryl, or arylalkyl radicals having from 1-20 carbon atoms, hydrocarboxy radical having 
from 1-20 carbon atoms or halogen and can be the same or different from each other; Q' is an alkylidene 
radical having from 1 to 20 carbon atoms; s is 0 or 1 ; g is 0. 1 , or 2; s is 0 when g is 0; k is 4 when s is 1 and 
k is 5 when s is 0 and wherein the non-metailocene transition metal compound is represented by 
TrX' 4 -<,(OR 1 )q.TrX'd.qR , VOX' 3 . and VO(OR') 3 , wherein Tr is a Group IVB. VB, or VIB metal, 0 S q 3 4, 
X' is a halogen and R 1 is an alkyl, aryl. or cycloalkyl group having from 1-20 carbon atoms, and R 2 is an 
alkyl, aryl, aralkyl, or substituted aralkyl group having from 1-20 carbon atoms. 

10. A catalyst in accordance with claim 9 wherein the metallocene is selected from bis(cyclopentadie- 
nyl)zirconium dichloride, bis(cyclopentadienyl) zirconium methyl chloride. 
bis(cyclopentadienyl)zirconium dimethyl, 

bis(methylcyclopentadienyl)zirconium dichloride, 
bis(methylcyclopentadienyl)zirconium methyl chloride, 
bis(methylcyclopentadienyl)zirconium dimethyl, 
bis(pentamethylcyclopentadienyl)zirconium dichloride, 
bis(pentamethylcyclcpentadienyl)zirconium methyl chloride, 
bis(pentamethylcyclopentadienyl)zirconium dimethyl, 
bis(n-butyl-cyciopentadienyl)zirconium dichloride, 
bis(n-butylcyclopentadienyl)zirconium methyl chloride, 
bis(n-butyl-cyclopentadienyl)zirconium dimethyl. 

bis(cyclopentadienyl)titanium diphenyl, bis(cyclopentadienyl)titanium dichloride. bis(cyclopentadienyl)ti- 

tanium methyl chloride. 

bis(cyclopentadienyl)titanium dimethyl, 

bis(methyfcyclopentadienyi)titanium diphenyl, 

bis(methylcyclopentadienyl) titanium dichloride, 

bis(methylcyclopentadienyl)-titanium diphenyl, 

bis(methylcyclopentadienyl)-titanium methyl chloride. 

bis(methylcyclopentadienyl)titanium dimethyl, 

bis( pentamethylcyctopentadienyl)titanium dichloride, 

bis(pentamethylcyclopentadienyl)titanium diphenyl, 

bis(pentamethylcyclopentadienyl)titanium methyl chloride. 

bis(pentamethylcyclopentadienyl)titanium dimethyl, 

bis(n-butyl-cyclopentadienyl)titanium diphenyl, 

bis(n-butyi-cyclopentadienyl)titanium dichloride and mixtures thereof and the non-metallocene com- 
pound is selected from titanium tetrachloride, vanadium tetrachloride, and vanadium oxytrichloride. 

1 1. A method for preparing a catalyst according to claims 1 which comprises a slurry of the support in an 
inert hydrocarbon solvent, an alumoxane in an inert hydrocarbon solvent, at least one metallocene. and at 
least one non-metallocene compound. 

12. The method in accordance with claim 11 wherein the molar ratio of th alumoxane to metallocene 
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fh^lr th ? * luminum and me,al is from 300:1 to 1 :1 and the molar ratio of the metallocene compound to 

non mlT °°f ne ,ranSiti ° n me,al com P° und is from 1 00 to 0.01 moles metallocene per mole of 
non-metallocene transition metal compound. 

nnL^r C 2 S i f^If™ If °' e,in P o| y meri2ation which comprises a supported catalyst according to any 
one of claims 1 to 10. and an organometallic co-catalyst. 

cimpound 31 ^ 1 SySt6m aCCOrdin9 10 Claim 13 wherein the co-catalyst comprises an aluminumalkyl 

rti^ftf^KVK f0f producin 9 P 0, y mers of etn y |e "e. or copolymers of ethylene and alpha-olefins or 
trrl M.nnT Pr ° CeS . S Comprises P°'y™rizing the monomers in the presence of a supported catalyst 
according to any one of claims 1 to 10. a supported catalyst prepared by the method according to claim 1 1 
or 12. or a catalyst system according to claim 13 or 14. 
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